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C H A P T S R - I 
INTRODUCTION 
Ion exchange i s now-a'-days a standard ana ly t i ca l too l 
and i s widely used in inorganic, organic and biochomical 
separa t ions . Nearly 150 years ago an English landowner, 
H,S,Tho»apson was in t e re s t ed to study the loss of ammonia from 
manure heaps. He engaged a Yoiii: analyst na«ed Spence to 
i nves t i ga t e t h i s l o s s , Spence discovered t h i s loss as an 
exchange process between oalciuiH (from s o i l ) and ammonia 
(from Manure). 
Ca*^ ( s o i l ) + (NH^)^ SO^ ,^ > NH* ( s o i l ) • CaSO^^ 
Spence reported h i s discoveries to the Royal Agr icu l tu ra l 
1 
Society , These were fur ther confirmed by another a g r i c u l t u r a l 
2 
chemist G.T.Way , who described t h i s exchange by the name of 
*»base exchange'*. This was t h e beginning of an important 
technology, now known as '*i on-exchange". 
Many hypotheses were given to explain the base exchange 
3 
in s o i l s , but u l t imately i t was traced mainly due to the 
presence of a luminosi l icates (clay minera l s ) . A close i d e n t i f i -
cat ion of the ion-exchange proper t ies of s o i l s with t h e i r c lay 
6 
f r ac t ions has been achieved. Other a luminosi l ica tes may confer 
ion-e3cchange p roper t i es in ce r t a in s o i l s e ,g . g laucoa i t e , a 
ferrous aluniinosil icate analogous t o the z e o l i t e s , which possesses 
exchangeable potassium with considerable capac i ty . 
The f i r s t synthet ic ion-exchangers were a lso inorganic 
Biaterials , these were t he synthet ic z e o l i t e s or permuti ts 
developed by Gans and other workers for use i n water softening 
4 
processes , They are synthet ic a luminosi l ica tes in which sodium 
i s the exchangeable ion . General formula for the synthet ic 
a luminosi l ica tes can be wr i t ten as 
Na^O . AlgO^ . nSiOg 
where n » 1-12 
Gallium and germanium analogues has been prepared e .g . 
5 fi 
gallogermanate and aluminogemanate. S i l i c a t e s of zirconium , 
7 8 Q 10 
t i tanium , bismuth , f e r r i c , and zinc have also been prepared. 
Desai and Baxi have synthesized s t a n n i c s i l i c a t e and they have 
studied i t s ion exchange behaviour. 
The clay minerals comprise a complex s e r i e s of alumino-
s i l i c a t e s t r u c t u r e . The aluminost l icate backbone of the c lays 
i s composed of a l t e rna t ing , p a r a l l e l , two dimensional layers 
formed from s i l i c a t e te t rahedra and aluminate octahedra^^. The 
d ispos i t ion of these layers and the extent and nature of 
isotaorphous subs t i tu t ion within them aetermine t o a great extent 
the chemical and physical p roper t ies of the c l a y s . The isiraplest 
type i s the c h a r a c t e r i s t i c s of the kao l in l t e c lays which are 
found in china clay depos i t s . The basic formula for kao l in l t e 
i s Si^A1^0^Q(0H)g. 
Exchange in clay minerals I s non-stoichloraetrlc and the 
capaci ty may vary appreciably among minerals having s imi lar 
s t ruc tu res but showing d i f ferent degrees of isomorphous s u b s t i -
t u t i o n . The clay minerals lose water when they are heated^ 
revers ib ly at low temperatures and i r r eve r s ib ly a t higher ones. 
Reversible loss of water i s not accompanied by a change in 
exchange capaci ty but the l a t t e r decreases permanently irhen water 
i s l o s t i r r e v e r s i b l y . 
Although s t a b i l i t y of the c lays towards acid solut ion i s 
l imi ted , suggestions have been made tha t the clay minerals be 
used as ion exchange media in c e r t a i n cases , pa r t i cu l a r l y where 
s p e c i f i c i t y , cheapness or s t a b i l i t y towards r ad i a t i on or high 
temperature water i s concerned, Montmorlllonite has been suggested 
for the treatment of radioact ive waste so lu t ions . 
The z e o l i t e s form another group of a lumlnosl l lca te 
minerals , the s t ruc tu res of which are b u i l t up from t e t r ahcd ra l 
groupings having the fonnulae A lo | " and SiO^", These t e t r ahcd ra l 
groupings share t h e i r comers , edges and faces to give a condensed 
structure. Like the clays they possess well defined crystal 
structures. Depending upon the structure and type of bonding, 
zeolites may exist as fibrous, lamellar or rigid three dimen-
sional structures. Third having strong covalent bonding in 
three dimensions have been extensively studied by Barrer and 
his coworkers ', When the structures of the zeolites are 
examined in detail , It was found that the polyhcdra ©re 
stacked in such a way that there are channels penetrating 
into the Interior of the lattice. The channels may either be 
intersecting or non-intersecting and they may either pess 
completely through the lattice or terminate within it. Spherical 
cavities may also be present within the lattice which ©ay be 
connected to the exterior by the channels. Bxchangeable cations 
are present within these cavities and channels. The cations 
only undergo ion exchange if a channel of suitable dlametre is 
available along which it can diffuse to the external solution, 
even then It will only exchange with ions which themselves have 
a diameter compatible with the channel diameter. The available 
space for exchange may be further restricted by the presence of 
water molecules or anions within the channels. These zeolites 
can be used as molecular sieves. The porous structure of the 
zeolites makes It possible to use them for the sorption of 
gases and vapours at suitable temperatures provided that the 
dimensions of the channels and cavities are suitable. Owing to 
9 
the r ig id s t ruc ture and the ease with %vhich the channel 
dimensions taay be varied by varying the ionic fom of the 
z e o l i t e t h e i r spec i f i ty towards gaseous absorption may be varied 
14 
almost at w i l l . By careful choice of the p a r t i c u l a r z e o l i t e 
and of i tS iCat ionic composition, a wide range of chromatographic 
separa t ions can be achieved* 
14 Barrer dis t inguished th ree categories of molecular 
sieve z e o l i t e s according t o ninifflura diameter of the channel. 
The development of Linde molecular s ieves synthesized and 
15 5 
studied by Breck and Barrer Ip recent years has made i t 
possible to use such processes on an i n d u s t r i a l s ca l e . Saha and 
16 Prasenj i t studied the use of natural and synthet ic z e o l i t e s 
for f rac t iona t ion , sorption and c a t a l y s i s . 
Ionic sieve proper t ies can a r i se in t h e zeo l i t e s e i t h e r 
because channel diameters are two small t o permit t he passage 
of ce r t a in ca t ions or because, when the ca t ions concerned are 
above a c e r t a i n s i ze , the cavi ty dimensions are inadequtate t o 
accommodate t h e number of ca t ions corresponding to the number 
of avai lable exchange s i t e s . In e i t he r case the z e o l i t e tends 
t o behave as semi-peraeable membrane and very clean separat ions 
17 
may be poss ib le between ce r t a in pa i r of Ions . Barrer studied 
the separation of Cs f^ pom other a lka l i metals by the ioa-s ieve 
action of a n a l c i t e . 
10 
Zeolites in H* form can not be prepared by treatment 
of the zeolite with acid since anionic framework is chemically 
unstable and breaks down with the precipitation of hydrated 
silica, leaving aluminium in solution. For this purposci ion 
exchange is utilized, silver analcite is treated with an aqueous 
solution of halide of a metal which is too large to enter the 
structure . 
AgX + M* + Hal" * HgO ^ Ag Hal * M • OH" • HX 
The solution must contain no cations which can enter the 
lattice and in addition the cations originally present in the 
exchanger should form an insoluble compound with the anion 
present in the solution, 
18 Selectivity in the zeolites has been studied by Barrer , 
In the absence of extreme effects due to ionic sieve action, 
zeolites display marked selectivities towards certain ions due to 
differing thermodynamic affinities. The affinity varies rather 
unpredictably and in some cases is strongly dependent OBI the 
cationic composition of the exchanger. Although the reasons for 
these striking selectivity pattern are still not established, use 
may be made of them in a number of instances, Basic sodalite 
can be used under suitable conditions for the recovery of silver 
in quantitative analysis, while the mineral clinoptilolite may 
II 
he employed t o remove t race concentrat ions of sodium and has 
been used as an adsorbent for the treatment of low-ac t iv i ty 
19 
rad ioac t ive waste so lu t ions . C l i n o p t i l o l i t e has the empirical 
fonaula (^ei2^)Q^'jQiOaO)Q.^Q{K^O)Q^^^{}igO)QQ^l20yS.5-10.5SiO^. 
A recent appl ica t ion of z e o l i t e s e l e c t i v i t y involves the 
fit 
use of a synthet ic ul tramarine to separate the francium Isotope 
ooz 20 
Fr from its actinium parent and other activities • The 
227 227 215 211 highly Charged cations 'Ac, 'Th, •'Po and Ph are strongly 
absorbed while ^Fr, Tl and \ a pass through the column 
and may subsequently be separated from each other. In addition 
•^ Fr formed by oc-decay of the 'Ac retained on the column may 
be eluted from the latter at Intervals with 0.5N ammonium 
chloride, thus providing a source of pure francium. 
The ion exchangers hod a great impact on analytical 
chemistry. The use of these materials gave analysts new methods 
for the requirements of modern laboratories. Using inorganic 
and organic exchangers we can have a deeper understanding of 
geological, geophysical and biophysical phenomenon to explain 
the biologicial processes. In laboratory, the application of ion 
exchangers has made possible the chromatographic separations of 
very complicated natural mixtures. The time is much reduced by 
the use of high performance chromatographic techniques. Their 
12 
use has also been made t o the so lu t ions of previously unsolvahle 
prohleras, such as the separation of rare ear ths and recovery of 
rare elements. The atomic power control l abora tor ies and many 
di f fe ren t i n d u s t r i a l l abora to r ies are now unimaginable without 
t h e use of ion exchangers. The ion exchange separat ions offer 
advantages over the c l a s s i c a l methods of separat ions ( p r e c i p i t a -
t ion , f i l t r a t i o n e t c . ) for the amount of the sample required i s 
small, a shor ter time i s needed and the components can subsequently 
be deternined using rapid instrumental or t i t r i m e t r i c methods. 
Rapid and accurate determination of cons t i tuen t s of a sample or 
contaminents of a l loys of ccmplicated composition, b io log ica l 
substances and f i s s ion products of radioact ive elements has 
become possible by t h e use of ion exchangers. 
Ion exchange chromatography can be rout inely used t o 
overcome i n t e r a c t i o n s and t roubles in the determination of t r a c e 
elements of geocheraical i n t e r e s t , before opt ica l or atomic 
21 
absorption spectrophotometry and neutron ac t iva t ion ana lys is , 
Ion exchange mater ia l s are finding increased use in gas chromato-
graphy because they offer a great range of po ten t ia l s e l e c t i v i t y 
22 
through var ia t ion of the ionic form of the mater ia l , Allover 
the world numerous Ion exchanger plants are in operation for 
developing the separat ions of inorganic , organic and b io log ica l 
mixtures . The most important appl ica t ion i s s t i l l the pur i f ica t ion 
of water . The water pol lut ion i s increasing day by day,, However, 
13 
the method based on ion exchang© are hecoming of promising 
success when applied to this end. The use of ion exchangers 
on large scale may provide mankind with pure water and may he 
useful for the concentration and extraction of the mo«t 
important metals and raw materials which is becoming more and 
more difficult to produce. 
Ion exchange is a process in which an insoluble (or 
isimiscible) material when comes in contact with an electrolyte 
solution, takes up, stoichiometrically, ions of positive or 
negative charges and releases other ions of the like charge from 
the exchanger phase into the solution phase 
RA + B^ Y"" .^  .^ RB + A*?" 
where RA stands for a unit of cation exchanger, BY and AY are 
electrolytes. 
The discovery of exchange in soils due to the presence 
of aluminosilicate led to the use of natural material for water 
softening, Gans was ambitious to recover gold from sea water 
adopting this technique. But he could not fulfil his ambitions 
because the material of this type available at that time proved 
to be inadequate for the purpose. Gans, however, recognised the 
practical utility of the ion-exchange phenomenon for water 
softening using natural and synthetic zeolites and clays . The 
1 
esJiausted bed of the ion exchanger was regenerated by passing 
a concentrated solution of sodium or potassium salt over it. 
Because of this possible regeneration these zeolites and clays 
could be used over again and again. Limitations of zeolites and 
clays were soon recognised i.e. zeolites are decomposed by acids 
and clays are difficult to handle. To overcome these difficulties 
a search of stable ion exchange materials was started. In 1931 
Kullgren observed that sulfite cellulose works as an ion-
exchanger for the determination of copper. An interesting 
discovery began in 1935 when Adams and Holmes found that crushed 
phonograph records exhibit ion exchange properties. The remarkable 
effect led the inventors to the synthesis of organic ion exchange 
resins which had much better properties than any of the previous 
2k products , These resins are stable towards acids and easy to 
handle. The structure can be varied as desired, therefore, 
the difficulties observed with zeolites and clays were removed 
by introduction of resins. Since then these organic ion-exchangers 
have been used both in laboratories and industries for separfitions, 
recoveries of metals, deionization of water, concentration of 
electrolytes and elucidating the mechanism of great many 
25 
reactions . The application of these ion-exchange resins 
progressed so rapidly that the theory lagged behind and could not 
follow the experiments. 
Just as the applications of zeolites are limited so are 
ts 
those with ion exchange res ins under ce r ta in condi t ions . The 
res ins are unstable in aqueous system at high temperatures and 
i n presence of ionizing r a d i a t i o n s . Thus oi^anic and inorganic 
ion exchangers can be used as a complementary t o each other . 
There has been a resurgence of i n t e r e s t in inorganic 
ion-exchangers in recent years as they are unaffected by ionizing 
rad ia t ions and are l e s s s ens i t i ve t o higher temperatures . The 
s t ruc tu re of these inorganic ion exchangers i s s t i f f , there fore , 
they are more se l ec t ive end su i t ab le for the separat ion of ions 
on the bas i s of t h e i r d i f ferent pore s i z e s . They con also be 
used as ionic or molecular s i eves . Being s tab le towards 
ionizing r ad i a t i ons , they can be used advantageously in reactor 
technology. Inorganic ion-exchange membranes have also recent ly 
been used preferably over organic ones because of the a b i l i t y of 
inorganic membranes t o withstand higher temperatures and t h e i r 
high s e l e c t i v i t y for ce r t a in i o n s . 
The s e l e c t i v i t y of inorganic ion-exchangers has been 
26 
u t i l i z e d for the preparation of ion se lec t ive e lec t rodes • The 
ion se lec t ive e lect rodes have now become important tool for 
27-29 
solving various analyt ica l problems • 
In order t o understand the appl icat ions and to improve 
upon them, systematic fundamental s tudies are being persuaded 
on these ma te r i a l s . This new i n t e r e s t in inorganic ion-exchangers 
iii 
"50 taay be said to begin in 19^3. I t was shown by Boyd^ tha t 
columns containing f i na l l y divided zirconium phosphate supported 
on s i l i c a wool could be used to separate uranium and plutonium 
from f i s s ion products by an ion-exchange proce8s„ In addi t ion 
to zirconium phosphate tsany other s imi la r substances may be 
prepared by combining oxides of group IV with t he more acidic 
oxides of group V and VI of the periodic t a b l e . 
The various inorganic ion -c^hangers reported upto 1963 
have been admirably reviewed in the monograph of Amphlett'' , 
\^hich has become a c l a s s i c in t h i s f i e ld . The s tudies on these 
mater ia ls from 1963-1969 have been summarized by Pekarek and 
Vesely^ *'^ under the following heads: 
1. Hyrous oxides, 
2, Acidic salts of multivalent metals, 
5. Salts of heteropoly acids, 
k» Insoluble ferrocyanides, 
5. Synthetic a luminosi l ica tes , 
6. Certain other substances e .g , synthet ic a p a t i t e s , sulphides 
and a lka l ine earth su lpha tes . 
Merinsky has summarized the t heo re t i c a l aspects of 
•54 
exchange in inorganic ion-exchange mater ia ls . The synthes is 
and appl icat ion of inorganic ion-exchangers have been reviewed 
35-39 by Walton , Recent reviews on the appl ica t ions of ion -
hO 41 
exchange have been edited by Marinsky and Valton . The recent 
17 
trends in the field of ion exchange have been summarized in the 
Journal of Chromatography Volume 102 (197^) which contains the 
papers presented at the third symposium on ion exchange held at 
Balatonfired (Hungary) May 28-31,197^. The papers presented were 
divided into four sections: 
1, Ion-exchange mater ia l s , 
2, Theory of ion-exchange, 
3, Analyt ical appl ica t ions , and 
k» Ion-exchange technology. 
The synthesis of new mater ia l s have been reported toy 
numerous authors defining di f ferent types of amorphous, poorly 
c r y s t a l l i n e and c r y s t a l l i n e ma te r i a l s . A recent review of these 
mater ia l s i s reported * , The theory of ion-exchange and the 
use of ion-exchangers in l abora to r ies and f ac to r i e s i s a f l o u r -
ishing d i s c i p l i n e . The appl icat ions of ion-exchangerB in the 
l abora to r ies has made poss ib le , the chromatographic separat ion 
of very complicated mixtures . The se lec t ive use of inorganic 
ion-exchangers may provide a useful means to concentrate and 
ext rac t the most important metals from laboratory wastes and 
local concentrated samples. The appl icat ions of ion-exchange t o 
some important processes tha t occur at high temperature or in the 
presence of ionizing r ad i a t i ons or highly oxidising media are 
severely l imited on commercially avai lable ion-exchange r e s i n s . 
However, the use of synthet ic inorganic ion exchangers can be 
made under these condi t ions . 
18 
Ion exchange capacity I s one of the most fundaiaental 
charac te r iza t ion of any ion exchange raaterial. For a strong 
ion-exchanger, the capacity can readi ly he determined hy d i r e c t 
t i t r a t i o n . Various types of capac i t i e s can he expressed .in 
different laanners. The equilihriuia ion-oxchange capacity for a 
strong ion-exchanger can he determined hy d i r e c t t i t r a t i o n of 
strong cat ion exchanger (in H fora) with a strong hase., 
Majority of the synthet ic inorganic ion-exchangers hehave as a 
veak ion-exchanger and, therefore , the d i r ec t t i t r a t i o n , i s not 
r e l i a h l e . In t h i s case Ion-exchange capacity i s determined hy 
replacement of hydrogen ions from the exchanger phase hy the 
counter ions of a neut ra l s a l t solut ion and equilihrium ion 
exchange capacity i s determined hy pll t i t r a t i o n s . Maximum ion 
exchange capacity equal to the numher of ionogenic groups per 
specif ied amount of the ion-exchanger may d i r ec t l y he determined 
hy simple column operation passing the e l ec t ro ly t e so lu t ion over 
the ion exchange mater ia l ( in H form) and t i t r a t i n g the l ihe ra ted 
acid in the effluent hy a standard hase so lu t ion . Although the 
pure ion-exchange capaci ty of a so l id ion exchanger can he 
determined in several ways, a gravimetric method offers for 
many ion exchangers the advantage of r e l a t i v e l y high accuracy 
and very simple requirements for only one difference weighing 
without any analy t ica l determination of i ons . Break-through 
capacity*^ i . e . the useful capacity for u t i l i z i n g the column 
operat ion, i s of importance when the ra t e of exchange i s slow. 
19 
The rate may be slow that the total capacity may not he utilized 
in an actual operation. The operation is discontinued at break-
through before reaching the complete equilibriuni. This capacity 
which is utilized until l3reak-through occurs is known as break 
through capacity or dynaailc capacity. It depends upon operating 
conditions and is lower than the equilibrium ion exchange capacity, 
The ion exchange material must be studied for chemical 
stability in acidic and basic media to check its limitations. 
The distribution of an ion between the exchanger and 
solution phases is a measurement of selectivity. Often the ion-
exchanger takes up certain ions in preference to the other present 
counter ions. This selectivity may depend mainly upon: (i) Donnan 
potential, (il) seive action, and (iii) complex formation. The 
selectivity is an important factor to study the separations. On 
the basis of distribution coefficients it is possible to predict 
the separation of one ion from the other. The distribution 
coefficient is of value as a practical guide to the separation 
procedures in chromatography. The distribution coefficient for 
an ion A is given by 
„, - Amount of cation (A ) present in exchanger phase g" 
Amount of cation (A ) present in solution phase ml" 
The genoral use of distribution coefficient is made In 
elution techniques used in separations. The rate at which ions 
move in ion-exchange chromatography is proportional to their 
distribution coefficient. 
The inorganic ion exchangers have found numerous 
important analytical applications as categorized helowj 
( i 
( i i 
(iii 
( iv 
( V 
( vi 
(vii 
(viii 
( ix 
( X 
Pur i f ica t ion of substances on large sca le , 
Separation of one ion from the other on a small ion 
exchanger column, 
Ion-exchanger paper chroraatographic separa t ions , 
Elect rophores is , 
Ion exchanger for gas chromatography. 
Solid s t a t e separat ions , 
Specific spot t e s t s . 
Use of ion exchanger heads to locate the end point in 
t i t r a t i o n s , 
Use of ion se lec t ive e lec t rodes , and 
In the analysis of water po l lu t ion . 
Pur i f i ca t ion on large scale can be made by passing the 
sample solut ion through the ion-exchanger beds which take up 
c e r t a i n mater ia ls in preference of o the r s . The exchanger bed 
can be regenerated in to su i t ab le form by conventional methods. 
The technique can also be u t i l i z e d to recover t r a c e s of elements 
from the d i l u t e so lu t ions . The elements present in ionic form 
are exchanged by equivalent amount of the counter ion present 
2 
in the exchanger. The elements can be eluted from th« exchanger 
hy suitahle electrolyte reagent. 
Ion exchange has resolved the most difficult problem in 
chemical analysis i.e. separation of typical components having 
similar enough properties. Column chromatography is valuable, 
since the substances separated are collected quantitatively. 
In the present work, analogous to zeolites an approach 
is made to synthesize sodium stannosilicate and to study its 
ion-exchange behaviour. The material shows high selectivity 
towards silver and hence can be used for the removal and recovery 
of silver. 
In another type of application of ion exchange resins 
a fuel cell has been tried and its use to produce electrical 
energy is demonstrated with the help of a simple experiment. 
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C H A P T E R .. I I 
SYNTilESIS AND ION EXCHANGE BEHAVIOUR OF 
• I l l 
SODlnM STANSOSILICATE 
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2S 
C H A P T E R - I I 
INTRODUCTION 
The use of synthet ic inorganic ion-exchaifigers jls 
successfully being developed for the se lec t ive separat ion of 
a number of metal ions . Nev mater ials are being synthesized 
to solve such specif ic problems. A recent appl ica t ion of 
zeo l i t e s e l e c t i v i t y involves the use of synthet ic ul trasiarlne 
223 to separate the franciura isotope Fr from i t s actinium parent 
5 
and other a c t i v i t i e s . The present chapter r epor t s thia synthes is 
of sodium s tannos i l ioa te an analogous t o z e o l i t e s (alumino-
s i l i c a t e s ) * . Sodium s tannos i l ioa te with Sn:Si molar r a t i o 
of 1:1 has been prepared at a high pH ( ' - 1 0 ) . I t s chemical 
composition, chemical s t a b i l i t y , thermal s t a b i l i t y , sorption 
behaviour and K^ values for a nuaibcr of metal ions have been 
s tudied. Uptake of Ag(l) by the exchanger for d i f ferent 
Concentration range of s i l v e r n i t r a t e solut ion and in the 
presence of sodium has also been examined. 
EXPERIMENTAL 
tteagents 
Stannic chlor ide pentahydrate (Reachinj) and sodium 
raetosilioate (Loba) were used. All other chemicals used were 
of A.R. grade. 
Apparatus 
An e l e c t r i c temperature control led shaker, Bausch and 
Lomb spectronlc-20 (U.S.A.) and El ico pH-meter model Ll-10 
( India) xvere used for shaking, spectrophotometric determinations 
and pH measurements respec t ive ly . 
Preparat ion of sodium stannate solut ion 
Sodium stannate was prepared by mixing O.5OM solution 
of sodium hydroxide solut ion t o O.lOM solut ion of stannic 
Chloride , The pll of the sodium hydroxide and s tannic chlor ide 
solut ion was set at ^^10 by adding sodium hydroxide so lu t ion . 
A turbid solut ion was obtained by mixing the two, which on 
o 
heating at 60 + 5 C turned in to a c l ea r solut ion of sodium 
s tanna te . 
Synthesis of sodium s tannos i l i ca te 
Sodium s t annos i l i ca t e was synthesized by mixing O.lOM 
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sodiura meta ailicate to a solution of sodium stannate so that 
the volume ratio of stannic chloride and sodium metal silicate 
was l!l« The sodium meta silicate and sodium stannate solution 
was reflused for 24 hours. The white gelatinous precipitate 
obtained was allowed to settle overnight. It was then filtered, 
washed and dried at 60 C, The dried gel was cooled at room 
temperature. When the gel was immersed in distilled water it 
broke down easily into small particles with cracking. It was 
again washed several times with distilled water and dried in an 
0 
air oven at 60 C. 
RESULTS 
Chemical stability 
The chemical stability of the exchanger was studied in 
different solvents. For this purpose 100 mg of the exchanger 
was shaken with 25 nil solution of interest for 6 hours at room 
temperature. The amount of silica in the supernatent liquid 
was determined by a standard colorimetric method • The results 
are given in table I, 
29 
Table I 
Chemical stability of sodium stannosilicate 
in different solvents. 
1 t 
3 1 . Contacting so lu t ion Amount of s i l i c a 
^^°* »g/25 ral 
0,000 
0,127 
0.127 
0,165 
0,185 
1. 
2 . 
3'. 
k. 
5. 
Dist i l led vater 
0 , lOM HNO-
0,10MHC1 
0 , lOM HgSO^ 
0 , lOM NaOH 
Thermal s t a b i l i t y 
In order t o check the thermal s t a b i l i t y , 0,500 gia of the 
exchanger was weighed in d i f fe ren t s i l i c a c ruc ib les and kept a t 
0 
di f fe ren t temperatures ranging from 60-250 C for 2 hoars and then 
reveighed to determine the loss in weight at the respect ive 
teiaperatures. Sorption capacity (for Ag ion) of the heated 
samples was then determined. The r e s u l t s are give© iia t ab l e I I 
and plot ted in f igure 1, 
3(J 
10 
.o 
O 
£1 
"5 
6-
A 
2-
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• ^ r-—^——T— ^ — - I r — K I 
0 50 100 150 200 250 300 
o 
Temperature , C 
Fig.l Percent weight loss of sodium stannosilicate 
at different temperatures . 
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Table II 
Sorption capacity and weight losses of sodium stannosilicate 
at different temperatures. 
SI. 
No. 
1. 
2. 
3. 
k. 
5. 
t f 
Temperature 
( c) 
60 
100 
150 
200 
250 
Veight 
taken 
(gm) 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
i 
Weight 
left 
(g«) 
1.0000 
0.9630 
0.9188 
0.9168 
0.9164 
« 
% weight 
loss 
0.00 
3.70 
8.12 
8.32 
8.36 
1 
Sorption 
capacity 
for Ag 
(meq/gffl) 
2.25 
2.25 
2.25 
2.24 
2.24 
Hydrolysis studies 
Hydrolysis studies were performed in H and Na forms 
of the exchanger. For this purpose 0,500 gni of the exchanger 
was shaken with distilled water for different time intervals. 
The pH of the solution was measured after each time interval. 
The results are given in tahle III and plotted in figure 2, 
Table I I I 
Hydrolysis of sodium stannosilicate (in H and Na forms) 
at different teiaperatures.. 
I n i t i a l pH of d i s t i l l ed vater 6.80 
- " • ! ' " • 
S I . 
No. 
1. 
2 . 
3 . 
k. 
5. 
6 . 
7 . 
8 , 
9 . 
10. 
1 1 . 
12. 
Time 
(minutes) 
5 
10 
15 
20 
30 
40 
50 
60 
70 
80 
90 
100 
In H forta 
6.10 
5.90 
5.80 
5.75 
5.80 
5.80 
5.80 
5.80 
5.80 
5.75 
5.80 
5.80 
pH 
t 
In Na form 
8.«i0 
8.80 
9.30 
9.50 
9.30 
9.75 
9.75 
9.75 
9.75 
9.75 
9.30 
9.75 
33 
O 
E 
1 -
o 
+ 
JE 
o 
o 
"^ 
o 
en 
o O) 
o 
o 
to 
o 
LO 
o 
v j 
o CO 
o CM 
O 
(n (u 
-•-• 
-3 
C 
e 
OJ 
E 
P 
(i) 
- » - . 
u 
in 
o 
c 
c 
m 
tn 
E 
D 
•— 
U 
o 
tfV 
o 
(n 
> 
D 
O 
in 
'in 
>> 
"o 
T3 
>» X 
St 
—r-
(NJ O 
"T" 
CO 
T " 
CD 
Hd 
fNJ 
CM 
L 
34 
Chemical composition 
For the determination ol t i n 0.200 gm of the esxchaager 
was dissolved in 20o ml of solut ion containing 15 ml of su l fu r i c 
acid and 100 lal of hydrochloric acid . Tin in t h i s sample was 
10 
reduced with zinc powder and determined iodoaietr ical ly . For 
the determination of s i l i c a 0,200 gm of the exchanger was 
dissolved in 200 ml solution containing 100 lal of hydrochloric 
acid. S i l i c a was prec ip i ta ted as s i l i c i c acid and weighed as 
11 SiOg , The molar r a t i o of Sn:Si was then ca lcu la ted and 
found t o he 1:1, 
Sorption s tudies 
The sorption hehaviour of various mono, d i and t r i v a l e n t 
metal ions on the exchanger was studied by batch process. For 
t h i s purpose 0,500 go of the exchanger was shaken with 25 ml 
solut ion of the metal ion (0,lOM) for 6 hours and the metal ion 
l e f t in the supernatent l iquid was then t i t r a t e d . Tho sorpt ion 
capaci ty of the exchanger for d i f ferent metal ions i s shown 
in table IV. 
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No, 
Tab le IV 
Sorp t ion behav iour of v a r i o u s meta l i o a s 
on sodium s t a n n o s i l i e a t e . 
3 1 . Metal ion So rp t i on c a p a c i t y 
(meq/gra) 
1. H* 2.16 
2 . Mg^* 0.80 
3 . Ca^* 1.00 
h, Sr^* 0.90 
5 . Ba^* 1.00 
6 . Cu^ "*" 1.20 
7« Ag* 2 .25 
8 . Mn^* 1,00 
9 . Fe^* 0 .50 
10 . Co^* 0.90 
1 1 . Ni^ "*" 0.80 
12. Pb^* 1.20 
13 . Cd^* 1.10 
1^ . Al^* 0 .60 
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Dis t r ibu t ion coef f ic ien ts 
K. values for a number of taetal ions x r^ere determined 
by batch process . For t h i s purpose 0.500 ga of the exchanger 
( in Na fonn) was shaken with 50 ml of 0,02M metal ion so lu t ion 
for 6 hours at room temperature. The supernatent l iquid was 
then t i t r a t e d for the determination of ca t ions l e f t and K, values 
were ca l cu l a t ed . Results of K, values are given in t ab le V, 
Range of uptake of Ag ion 
Uptake of s i l v e r ion by the exchanger was studied for 
d i f fe ren t concentrat ions of the s i l v e r n i t r a t e so lu t ion . For 
t h i s purpose 0,500 gm of the exchanger was shaken with 50 ml 
of s i l v e r n i t r a t e solu t ion at room temperature. The r e s u l t s 
of the uptake of s i l v e r ion by the exchanger for d i f fe ren t 
concentrat ions of the s i l v e r n i t r a t e solut ion are given in 
t ab l e VI. 
Table V 
Distribution coefficient values for different cations 
on sodium stannosilieate. 
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•"' • r 
Sl» 
No. 
1. 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 , 
10. 
1 1 . 
12. 
1 3 . 
Cations 
Fe(lll) 
AI(III) 
Mg(ll) 
Ca(n) 
Sr(ll) 
Ba(ll) 
Cu(Il) 
Pb(ll) 
Ni(ll) 
Co{ll) 
Cd(ll) 
Ag(l) 
Mn(ll) 
t 
Taken as 
nitrate 
nitrate 
nitrate 
nitrate 
nitrate 
nitrate 
nitrate 
nit rat e 
nitrate 
nitrate 
chloride 
nitrate 
chloride 
t 
/e" 
K, values d 
(ml/gm) 
33.33 
200.00 
57.1^ 
90.91 
90.91 
75.00 
109.09 
133.33 
61.5^ 
75.00 
110.00 
3400.00 
83.33 
^- ^ i^s^i]^^ 
.<». N.. 
, D3 /^ YQ 
TalJle VI 
Range of uptake of Ag{l) by sodium s tawnosi l ica te , 
S I . 
No. 
Concentration of 
AgNO- solut ion 
Uptake of Ag(l) 
(aeq/gm) 
1, 
3. 
5. 
6. 
0.20H 
6.15M 
O.IOM 
0.05M 
0.02M 
0, OlM 
2.25 
2.25 
2,25 
2.00 
1.70 
Total uptake 
Uptake of Ag ton in the preeenoe of Na ion 
Uptake of Ag ion by the ion exchanger was studied in the 
+ presence of Na ion . For t h i s purpose 0,500 gm of the exchanger 
was taken in a 100 ml conical f lask and 50 ml of O.IOM s i l v e r 
n i t r a t e solut ion containing 0.425 go» of sodium n i t r a t e (so tha t 
the concentrat ion of sodium n i t r a t e was also 0.10^f) was added 
to t h i s f lask . This solut ion was then shaken for 6 hours at room 
temperature and then supernatent l iquid was t i t r a t e d for the 
detertaination of Ag ion l e f t . Uptake of Ag* ion by the exchanger 
was then calculated and found to be 2.25 meq/gm. 
39 
DISCUSSION 
The material sodium stannosilicate synthesized at a 
high pH ('-^ lO) has heen found to be more stable than stannic 
12 
silicate prepared at lower pH , The result summarized in 
table I confinns this fact. The results of table II and 
figure 1 indicate that there is a slight (3«7%) ii^ eight loss at 
100 € and 8,12^ weight loss at 150 C and after that mo further 
o 
weight loss is observed upto 250 C, The maximum sorption capacity 
(for Ag ion), however, retnains constant throughout the teapera-
ture range studied (60~250 C). These results reveal that only 
o 
water of hydration is lost on heating upto 150 C and KIO structural 
changes take place. 
The results of chemical composition reveal that the 
mole ratio of tin and silicon in the material is iJl. Deteraina-
tioa of K^ values of a number of metal ions indicate that the 
material is highly selective towards Ag(l). This result has been 
tried for the removal and recovery of Ag(l) from solutions. The 
results of table VI indicate that from very dilute solutions, 
total uptake of Ag(l) is resulted provided that the total Ag(l) 
content of the solution is less than the maximum sorption capacity 
of the exchanger. The selectivity forAg(l) is so high that it is 
not affected even by the presence of sodium^ 
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C H A P T E R - I I I 
REDOX ION-EXCHANGER FUEL CELLS 
42 
C H A P T E a - III 
INTRODUCTION 
Our conventional sources of energy like fossil fuels, 
hydroelectricity and nuclear energy, each has its own liraita-
tions and associated hazards. This necessitates the development 
of sources of energy other than the conventional ones. The 
possibility of finding new sources of energy have been high 
1 lighted recently in our country , Emphasis has been given on 
2 
research needs for advanced fuel cells and its technology has 
"5 
been discussed by Pietrogrande and Paolo • 
In thenaal generation the chensical energy of the fuel 
is converted to heat energy by burning the fuel. The heat energy 
is then converted into electrical energy. Heat is involved in 
the conversion process and efficiency of such devices is limited. 
Efficiency can be increased when such devices are operated at 
high temperatures but it is restricted by technological difficul-
ties* The devices which can directly convert chemical energy 
into electrical energy, we can use fuel cells in which heat is 
not involved in the conversion process and high converjsion 
efficiency is possible. 
In general Hydrogen/Oxygen fuel cell is used in which 
electrodes are made of titanium coated with platinum and the 
4J 
electrolyte is a cation exchange resin « Oxygen is normally 
the oxidant and H„ is most widely used fuel. The energy 
producing reaction is the oxidation of hydrogen hy oxygen. 
We have designed a fuel cell by the use of a redox 
reaction hetveen Fe and Zn on an ion exchanger bed. With 
ion exchanger the chemical reaction is feasible under failder 
condition. Several such cells can be stacked together in 
order to get high energy. 
1 ? 
IXPERIWOTAl 
Slectrode material for REFC 
In the present inves t iga t ion a redox Ion exchanger has 
been used for the construct ion of the e lec t rode . Redox exchangers 
can he eas i ly prepared from conventional ca t ion exchangers. The 
counter ion i s replaced hy an ion such as Cu , Fe e t c , which 
«5 
can act as an oxidising or reducing agent-^, 
Do^ G^x 50 W X 8 was used as a ca t ion exchanger, Fe ioo 
was attached to t h i s exchanger in order to obtain a redox ion 
+2 / +''5 
exchanger. The standard redox potential of the couple Fe /Pe -^  
is +0.771 volts. Standard redox potential is little affected 
6 by incorporation of the couple into the exchanger , 
Besign of the REFC 
For the construction of the redox ion exchanger fuel 
cell, redox ion exchanger paclfed in a glass tube was used as 
one electrode. Dowex 50 V x 8 was kept in 1 molar solution 
of ferric nitrate for 2k hours, then it was washed thoroughly 
with distilled water. The resulting redox ion exchanger was 
packed in a glass tube narrow at one end and fitted with glass 
wool. The packed ion exchanger in Fe -^ form worked as one of 
the electrodes, Zn piece was used as the other electrode. 
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Both the electrodes \iere dipped in a beaker containing zinc 
nitrate solution. Connections were made through Cu wire. 
Although Pt wire gives better results, the use of Cu wire is 
recommended to keep the cost low, A galvanometer and an ammeter 
were used for voltage and current measurements respectively 
(Fig. 3). 
standard redox potential of the couple Zn /Zn is 
-0.763 volts. Since the standard redox potential of th(s 
substrate is lower than that of the redox exchanger the 
substrate is oxidised and conveys electrons to the electrode. 
The energy producing reaction is oxidation of substrate by the 
redox exchanger. 
Zn .. ' ^  Zn^ "*" -f 2e' 
-«—. 
, > 2+ ''5+ -
Fe "^  Fe + e 
so that net reaction is 
Zn * 2Pe-^ * --^ Zn^* + 2Fe^ '*" 
4 0 
BEAICER 
Zn(No^)2 
So lu t ion 
Zn P i e c e 
Glass t ube 
Copper wi re 
Redox ion 
Exchanger 
Glass wool 
P i g . 3 ; A redox exchanger fuel c e l l . 
l t l 2 , i i 3 VOLT 
I n t e r n a l 
Res l s t anc e 
Lo ad 
F i g , kt C i r c u i t diagram of t h e REPC showing 
i n t e r n a l r e s i s t a n c e . 
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^SULTS AND DISCUSSION 
Prom a s ingle c e l l a voltage of 0.56 v o l t s and 50/UA 
current was oT)tained, The magnitude of the voltage was increased 
by connecting h such c e l l s in s e r i e s . From t h i s se t 8 voltage 
of 2.43 vo l t s and 370 juA current was measured. Though current 
i s sBiall, i t i s suf f ic ient t o display an e l ec t ron ic c a l c u l a t o r . 
One d i f f i c u l t y with the redox exchanger fuel c e l l was 
observed tha t on loading there i s a voltage drop in the c e l l . 
An in te rna l res i s tance i s produced on loading the c e l l (Fig, h). 
As a r e su l t some what l e s se r voltage i s avai lable t o the load, 
Intex-nal res i s tance of the c e l l was tninifflized by connecting 
more c e l l s in p a r a l l e l to the k c e l l s in se r i e s and saiae 
voltage can be made avai lable t o the load, 
A fuel cell system consists of fuel cell stocks 
7 
connected in parallel . By connecting fuel cell stack!? in 
parallel desired voltage and current can be obtained. The 
number of fuel cells required in parallel to obtain 10 mA 
current were calculated. The voltage of the k cells in series 
was measured to be 2,43 volts. On connecting 1,5 voltii bulb 
(load) there is a voltage drop and only 1,515 volts were 
available to the load» 
Redox exchanger fuel cells have some advantages over 
others. The most important advantage of redox exchanger fuel 
4 
cell is that the exchanger used is Insoluble and cnn be easily 
removed from the system. No contamination of the solution by 
the exchanger occurs. Another advantage is that exchanger is 
easily regenerated after use. Redox exchanger fuel cells are 
attracting technologists and chemists due to their low cost. 
Such fuel cells can be of much more importance and may become 
the basis of pollution free energy source as they do not 
involve thermal devices. 
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